Analyses of health care disparities in
introduCtion Medicare administrative data should be an ideal resource to examine the extent of racial and ethnic disparities in the pro gram. However, small population size and recognized inaccuracies in the coding of race/ ethnicity in the Medicare enrollment database (EDB) have led health policy analysts to be wary of making comparisons that go beyond White and Black beneficiaries.
Some have advised against the analysis of data for Hispanic, Asian/Pacific Islander, and American Indian/Alaska Native beneficiaries because of potential bias in analyses when large proportions of these relatively small racial/ethnic groups are not correctly identified, and they differ in important ways from those who are (Lauderdale and Goldberg, 1996; Arday et al., 2000) .
Historically, the Medicare Program has received its race/ethnicity code for beneficiaries from the Social Security Administration's (SSA's) master beneficiary record (MBR) . From 1935 to 1980, the Social Security application form (SS-5) incorporated into the MBR only allowed classification of an applicant's race into White, Black, or Other. "Unknown" was used to classify persons who did not report any race. In 1980, the number of race/ethnicity categories on the form was expanded to six responding to Office of Manage ment and Budget (OMB) Directive 15: (1) White (non-Hispanic); (2) Black (non-Hispanic); (3) Hispanic; (4) Asian, Asian American, or Pacific Islander; (5) American Indian or Alaska Native; and (6) Unknown. In 1989, SSA began to enroll new participants at birth, extracting data from birth certificates rather than requiring applicants to file Form SS-5; however, the race/ethnicity information on the birth certificate was not included in the data extraction because it was considered unnecessary for administration of the SSA program. Since 1989, the only persons filing an SS-5 form have been those requesting a new number or a name change (Scott, 1999) .
The authors are with RTI International. The research in this article was supported by the Centers for Medicare & Medicaid Services (CMS) under Contract Number 500-00-0024 (TO8). The statements expressed in this article are those of the authors and do not necessarily reflect the views or policies of RTI International, or CMS. In 1994, race data from the SS-5 forms with the expanded race/ethnicity codes were integrated into the EDB directly to correct erroneous and missing codes. This changed the race/ethnicity coding for more than 2.5 million beneficiaries (Lauderdale and Goldberg, 1996) . This update using the SS-5 form was repeated in 1997 and 2000, and is now conducted annually. The Medicare Program has also worked with the Indian Health Service to improve the coding of American Indians/ Alaska Natives.
In 1997, to correct miscoded data and reduce the amount of missing race/ethnicity information, the Health Care Financing Administration (now CMS) conducted a postcard survey of nearly 2.2 million beneficiaries. The survey included beneficiaries with Hispanic surnames or Hispanic countries of birth and beneficiaries coded as "Other" or "Missing" race/ethnicity data. The survey resulted in changes for approximately 858,000 beneficiaries (Arday et al., 2000) . These efforts clearly improved the EDB's race/ethnicity data. Nonetheless, comparisons of the EDB race/ ethnicity codes with self-reported race/ ethnicity data from the Medicare Current Beneficiary Survey (MCBS) indicated that identification of Hispanics, Asians/Pacific Islanders, and American Indians/Alaska Natives was still quite incomplete and might result in biased analyses (Arday et al., 2000) . An analysis comparing the distribution of race/ethnicity for Medicare beneficiaries age 65 or over in the EDB to that of U.S. Census estimates of similar aged persons produced similar results (Eggers and Greenberg, 2000) . A recent analysis comparing EDB to MCBS race/ethnicity codes continues to find large proportions of these same groups to be misclassified in the EDB (Waldo, 2004 (Waldo, -2005 .
MetHodS
This work was conducted to identify health care disparities among Medicare beneficiaries, including Hispanics and Asians/Pacific Islanders. We first assessed the accuracy of the race/ethnicity coding on the EDB, then developed and validated an imputation algorithm to improve the accuracy of the EDB race/ethnicity code, applying it to the EDB. • If a CAHPS ® respondent reported not being Hispanic/Latino (or the response was missing) and reported more than one race, SELFRACE was set to two or more. 3 • If a respondent's answer was missing for both questions, SELFRACE was set to unknown.
• If the respondent reported not being Hispanic/Latino (or the answer was missing), and did not indicate a race, SELFRACE was set to unknown.
We then compared SELFRACE with ED -BRACE for all of the CAHPS ® respondents.
Statistical Methods
Using SELFRACE, we assessed ED -BRACE using accuracy and agreement statistics (i.e., sensitivity, specificity, positive predictive value, negative predictive value, and the Kappa coefficient). Although the goal is for both sensitivity and specificity to be high, there is a tradeoff between them. A similar relationship exists between positive and negative predictive values. The goal is for both to be high, but when we seek to improve one it is often at the expense of the other. We set a target of increasing sensitivity to 75 percent, with negligible impact on specificity.
Finally, we calculated the Kappa coefficient (Cohen, 1960) , widely used as a measure of inter-rater reliability, the Kappa coefficient ranges from 1 (complete agreement), through 0 (no agreement), to -1 (complete disagreement). We set a goal of achieving a Kappa coefficient of at least 0.81. Landis and Koch (1977) The EDB also does an excellent job of not misclassifying non-Hispanic, non-Asian/ Pacific Islander, non-Black, and non-American Indian/Alaska Native beneficiaries. This is shown by the specificities reaching 98.8 percent or higher for these groups. However, the specificity is considerably lower for White beneficiaries, only 61.7 percent indicating 60,794 of the 158,735 non-White beneficiaries are mistakenly identified as White in the EDB. This supports the suggestion that many beneficiaries classified as White in the EDB actually belong in another category. The overall level of agreement, reflected in the Kappa coefficients, is only moderate for Hispanics, Asians/Pacific Islanders, and American Indians/Alaska Natives-0.43, 0.66, and 0.45, respectively. We speculate that many Hispanic, Asian/Pacific Islander, and American Indian/Alaska Native beneficiaries were coded as White because the appropriate categories were unavailable until relatively recently. While the Kappa for White beneficiaries is substantial (0.71), it is not as high as we would like, undoubtedly reflecting their rather low specificity.
improving the Coding on the edB
In light of the low sensitivity for Hispanics and Asians/Pacific Islanders in the EDB, we developed separate Hispanic and Asian/Pacific Islander imputation algorithms. These algorithms used the following pieces of EDB information:
• LANGPREF or the language a beneficiary prefers CMS use when sending the Medicare Handbook. Allowed values are English, Spanish, and blank (no preference specified).
• LANGCD or the language a beneficiary has requested SSA use when sending beneficiary notices. This variable is used by CMS for Medicare premium bills. English, Spanish, and blank are the allowed values.
• RACESRC or the source of a beneficiary's EDB race/ethnicity code. Three values are allowed: A = Response from a one-time survey that was mailed to 2.2 million in 1997. B = Data from the Indian Health Service. Blank = Data from the SSA's-Mas ter Bene ficiary Rec ord (SSA-MBR), SS-5 form (NUMIDENT), or Railroad Retirement Board (RRB). • The State in which a beneficiary resides so we could identify beneficiaries living in Hawaii and Puerto Rico. At the core of the algorithm were Hispanic (Word and Perkins, 1996) and Asian/ Pacific Islander (Falkenstein and Word, 2002) surname lists developed at the U.S. Census Bureau. Associated with each name on the list was the proportion of times a household headed by a person with a particular surname was indeed a His panic (or Asian/Pacific Islander) household, as reported to the U.S. Census. In addition to the surname lists we also included in the algorithm a list of common Hispanic and Asian/Pacific Islander first names.
We incorporated these pieces of information into a SAS ® program that, through an iterative process, created two new variables for every beneficiary. The first, NEWHIS-PANIC, identified each beneficiary as Hispanic or not. The second, NEWAPI, identified each beneficiary as Asian/Pacific Islander or not. The logic of the algorithm used to create NEWHISPANIC follows as well as a description of how NEWAPI was created and how the two were combined to create NEWRACE.
NEWHISPANIC was turned on if any of the following criteria were met: • The beneficiary's surname matched the Hispanic surname list and the assigned percentage from the list was at least 70 percent.
• The EDB coded the beneficiary as Hispanic.
• The person was living in Puerto Rico.
• The variable LANGCD indicated Spanish.
• The beneficiary's first name had Hispanic origins, and the beneficiary's surname matched the Hispanic surname list with the assigned percentage of at least 50 percent.
NEWHISPANIC was turned off if any of the following criteria were met 4 :
• The beneficiary was not identified as Hispanic in the previously mentioned steps.
• LANGPREF indicated English.
• RACESRC indicated the race code came from the 1995 survey, and that race code was not Hispanic.
• RACESRC indicated the beneficiary's race code came from the Indian Health Service. Similar logic was used to set the value of NEWAPI with the exception that the EDB variables LANGCD and LANGPREF were not used because they did not contain an Asian/Pacific Islander language indicator.
Using the self-reported race/ethnicity data from the CAHPS ® survey as the gold standard, we assessed the results of applying the algorithm to create the NEWHISPANIC and NEWAPI variables for the CAHPS ® respondents. We found the algorithms significantly improved the EDB race/ethnicity categorization of Hispanic and Asian/Pacific Islander beneficiaries. Among Hispanic beneficiaries, sensitivity improved from 29.5 to 76.6 percent, the Kappa coefficient rose from 0.43 to 0.79, and the other measures (specificity and predictive values) remained virtually unchanged. The amount of improvement for Asian/Pacific Islander beneficiaries was not as dramatic but still impressivesensitivity rose from 54.7 to 79.2 percent, Kappa increased from 0.66 to 0.80, and the other measures were not materially changed. Analysis of the improvements indicated that among both groups there were somewhat more males correctly identified than females (possibly because of intermarriage and surname changes for ethnic females), and more 65 to 74 year olds were correctly identified than those age 74 or over (probably because there are more beneficiaries in the younger age group).
Before merging the NEWHISPANIC and NEWAPI variables together we used the CAHPS ® survey data to investigate the extent of possible overlap. We examined whether the same beneficiary was considered Hispanic by one algorithm and Asian/Pacific Islander by the other. Out of 830,728 beneficiaries, only 433 (0.05 percent) were labeled both Hispanic and Asian/Pacific Islander 5 . Because the overlap involved barely five-one-hundredths of 1 percent of CAHPS ® respondents, we decided that it was not large enough to cause great concern when combining the two algorithms. NEWRACE variable was set to Asian/ Pacific Islander.
• Otherwise, NEWRACE was set equal to the race/ethnicity coding of the origi nal EDB race/ethnicity variable, EDBRACE. Table 3 presents a comparison of the distribution of the three race/ethnicity variables-EDBRACE, SELFRACE, and NEWRACE-reported for the combined 2000-2002 pool of CAHPS ® respondents. As expected, the numbers for NEWRACE are much closer to the self-reported gold standard of SELFRACE than for ED BRACE for Hispanics and Asians/Pacific Islanders. For White, the NEWRACE numbers also are closer to the SELFRACE numbers, probably because the EDB mislabeled a large proportion of Hispanic beneficiaries as White. As expected, the distribution of American Indians/Alaska Natives and Black beneficiaries changed little from one race/ethnicity variable to another because no direct effort was made to alter how they were coded. Table 4 presents more detail on how the NEWRACE variable compares to EDBRACE and SELFRACE by sex and age group for Hispanics and Asians/Pacific Islanders. The EDBRACE/SELFRACE ratio shows that the EDB only represents a relatively small proportion of both males and females of all ages correctly for Hispanics (29.5 percent) and Asians/ 
applying the results to the Full edB
We combined the algorithms and proceeded to update race/ethnicity for the entire EDB. CMS provided records for all 43.1 million active Medicare beneficiaries in the 10 segments of the October 2005 unloaded EDB, and we processed them through the combined naming algorithm. A total of 2,582,155 beneficiaries received a new race/ethnicity code. Table 5 shows the distribution of race/ethnicity on the full EDB before and after applying the combined naming algorithm. Non-Hispanic White beneficiaries dropped from 83.5 Table 4 Comparison of EDBRACE, NEWRACE, and SELFRACE (CAHPS ® ) Distributions of Race/Ethnicity, by Demographic Characteristics to 79.1 percent, and beneficiaries coded Other dropped from 2.3 to 1.1 percent. Conversely, Hispanics increased from 2.2 to 7.4 percent, and Asians/Pacific Islanders increased from 1.5 to 2.2 percent. Table 6 shows that as a result of the combined naming algorithm, 2,245,792 beneficiaries had their race/ethnicity recoded to Hispanic, while 336,363 beneficiaries were recoded to Asian/Pacific Islander. Most of the beneficiaries recoded to Hispanic were originally classified as White (82.5 per cent), followed by Other (11.2 percent) and Black (3.8 percent). Few beneficiaries recoded to Hispanic were originally coded as Asian/Pacific Islander (1.6 percent) or American Indian/Alaska Native (less than 0.05 percent). Unlike Hispanics whose race/ethnicity was most often originally coded White on the EDB, the majority of the new Asians/Pacific Islanders were originally coded Other. Exactly 80.9 percent of the newly coded Asians/Pacific Islanders were originally coded Other. In comparison, 15.7 percent were originally coded as White, 1.4 percent as Black, and 0.2 percent as American Indian/Alaska Native. Note that no beneficiaries originally coded Hispanic were recoded to Asian/ Pacific Islander. (1,043,554) were recoded to Hispanic. This pattern holds true for beneficiaries originally coded as White, Black, and Asian/ Pacific Islander. However, as shown in Table 6 , there are more female beneficiaries in the EDB, and when sex distributions are compared, males are recoded at a higher percentage than would be expected. The largest number of new Hispanic beneficiaries is in the age group 65 to 74. This is true regardless of the beneficiaries' original EDB race/ethnicity code and sex, with the exception of American Indians/Alaska Natives, where the largest group of new Hispanics was in the under age 65 category. Not surprisingly, the age group 85 or over had the fewest recoded, which reflects the overall age distribution of Medicare beneficiaries. With respect to sex and age, the Asian/ Pacific Islander recodes were similar to the Hispanic recodes. Across original EDB race/ethnicity and age groups, with the exception of the American Indians/Alaska Natives under age 65 and the Other or Unknown groups under age 65, and those 65 to 74, more females were recoded to Asian/Pacific Islander than males. Overall 178,179 females were recoded compared with 158,120 males. As with Hispanic beneficiaries, beneficiaries age 65 to 74 were recoded most to Asian/Pacific Islander. Male and female Asians/Pacific Islanders followed the same overall pattern as male and female Hispanics, with the age group 85 or over having the least recodes, and the age group 65 to 74 having the most. Again, this reflects the overall age distribution of Medicare beneficiaries.
diSCuSSion
The importance of correctly identifying the race/ethnicity of Medicare beneficiaries when conducting studies of health services utilization cannot be overstated in a period of sensitivity to reports of health care disparities. Often, results of health care utilization studies are used to justify the development of corrective health policy. These studies often use claims and measure the number and proportion of persons obtaining specific services for particular diagnoses. If the administrative records that are used to identify race/ethnicity systematically under-identify a large proportion of a particular racial/ethnic group, the number of service users identified in that group will be smaller than it actually is. This is exactly the case represented by Hispanics, Asians/Pacific Islanders, and American Indians/Alaska Natives on the Medicare EDB.
To illustrate the difference inaccurately coded race/ethnicity can make, we associated EDB race/ethnicity with participants in the 2000 and 2001 Medicare fee-forservice CAHPS ® survey who self-reported their race/ethnicity. We determined wheth er the respondents were diabetic from their prior year's Medicare claims. These are presented by race/ethnicity for SELFRACE, EDBRACE, and the ratio of the two in Table 9 . Note that the number of Hispanics, Asians/Pacific Islanders, and American Indians/Alaska Natives with diabetes are considerably underestimated using EDBRACE. We also determined from these claims whether those identified as being diabetic had received each of four recommended diabetes secondary preventive services-foot care, eye exam, testing (Hemoglobin A1c, lipid profile, and micro-albumin), and self-care training and education. We divided the number of diabetic beneficiaries using the services in the previous year according to their selfreported race/ethnicity by the number using them according to their EDB race/ ethnicity to create a ratio for each service. We also calculated a mean ratio across the four services. The mean ratios for White and Black beneficiaries were 0.93 and 0.90, respectively, suggesting that the counts based on their race/ethnicity self-reports were 7 and 10 percent lower than for their EDB race/ ethnicity. With ratios less than 1.00, it confirms the findings from our assessment of EDB race/ethnicity for White and Black beneficiaries. On the other hand, the mean ratios for Hispanics (2.53) and Asians/ Pacific Islanders (1.34) are greater than 1.00 for those groups, also confirming our earlier assessment of EDB race/ethnicity. This analysis indicates that using the numbers of diabetic Hispanic and Asian/ Pacific Islanders classified according to the EDB race variable would certainly undercount them, especially Hispanics, the largest and fastest growing minority group in the Nation.
Knowing that the number of beneficiaries included in a racial/ethnic group is too large or too small certainly places limitations on the use that can be made of the number. But, if the utilization patterns of the persons in those groups identified using administrative data are similar to those of persons who self-identified as being in the same group, then using the proportion of the group who used the services rather than the number may be unbiased and useful for many policy purposes.
We examined the utilization percentages for the same diabetes preventive services using ratios of the percentages (Table 10 ). The mean ratio across the four diabetes preventive services for White beneficiaries was 1.01, indicating only a 1-percent higher rate of use when self-reported race was used instead of the EDB race. The 
liMitationS
While we have demonstrated a sizable improvement in the Medicare EDB racial/ ethnic coding with our algorithm, we would be remiss if we did not acknowledge the limits of this work. Our focus in this research was solely on improving the accurate identification of Medicare beneficiaries on the EDB who are Hispanic (regardless of race) and Asian/Pacific Islanders. Validation of the algorithm showed that it is not perfect in identifying every misclassified Hispanic and Asian/Pacific Islander beneficiary, but it does represent an important improvement. We were clearly more successful with Hispanics than with Asians/ Pacific Islanders. However, our algorithm did nothing to improve identification of American Indians/Alaska Natives, thus this group remains underrepresented on the EDB. We feel that analyses of Medicare claims that seek to identify or monitor differences in racial/ethnic disparities in health services utilization can justifiably be extended to include comparisons of Hispanic and Asian/Pacific Islander along with Black and White beneficiaries. However, we suggest continued restraint and caution be exercised in comparisons involving American Indians/Alaska Natives due to their relatively small numbers and incomplete representation in the EDB coding.
It is also limiting that the imputation process for the race/ethnicity variable on the EDB must be redone or updated every 6 to 12 months to make that variable current for beneficiaries new to the Medicare Program. Every 6 months, approximately 2 million new beneficiaries are added to the Medicare Program, and our update of the NEWRACE variable for mid-2006 indicates that more than 400,000 of them are either Hispanics or Asians/Pacific Islanders. Thus to keep the variable current, updating with the algorithm is essential.
ConCluSionS
We used readily available data to ad dress a longstanding limitation of Medi care coding of beneficiary race/ethnicity. The race/ ethnicity codes on the EDB were populated with the SSA codes, and prior to 1980 these codes were limited to White, Black, and Other. Hispanics, Asians/Pacific Islanders, and American Indians/Alaska Natives were all incorrectly lumped together as Other or coded as White or Black. The effect of this has been to limit most analyses of racial/ethnic differences among Medicare beneficiaries to comparisons between White and Black persons. Despite repeated efforts by CMS to correct the race/ethnicity codes dating back to 1994, we found their sensitivities wanting. We developed and tested an algorithm largely using surname lists accumulated by the U.S. Census Bureau that allowed us to more correctly impute race/ethnicity codes for Medicare beneficiaries of Hispanic and Asian/Pacific Islander origin. The algorithm increased the number of identified Hispanics by more than three times, and the number of Asians/Pacific Islanders by almost one-third, producing significantly higher sensitivities.
implications
The primary implication of having developed a scientifically sound method to more accurately assign Medicare beneficiary's race/ethnicity codes for Hispanic and Asian/Pacific Islander is to greatly enlarge the potential analytic and policy uses of Medicare administrative data, especially with regard to issues of health care disparities and equity. It is particularly important to be able to discuss disparities beyond those experienced by Black beneficiaries alone, especially since Hispanics now are the largest and fastest growing minority group in the U.S. It means that it is possible to validly and reliably report health services utilization according to race/ethnicity for more than White and Black beneficiaries. It means that efforts to identify health care disparities between Medicare beneficiaries who are White, Black, Hispanic, or Asian/Pacific Islander can safely proceed. Finally, it means it is possible to monitor efforts being made to reduce or eliminate health care disparities among these groups.
In addition to contributing to research and policy on eliminating health care disparities, having more accurate race/ ethnicity data makes it possible for CMS to monitor the participation in new and existing Medicare Program options (e.g., Medicare Part D or Medicare Advantage plans) by racial/ethnic groups. It also allows CMS to target information and enrollment efforts to minority group beneficiaries about programs for which they may be eligible, but in which they do not appear to be participating adequately.
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